In 1999, researchers and policy makers recognized the challenge of creating an integrated patient-centered cancer care process across the many types of care from risk assessment through end of life. More than a decade later, there has been limited progress toward that goal even though the standard reductionist approach to health services and medical research has resulted in major advances in tests, procedures, and individualized patient approaches to care. In this commentary, we propose that considering an entire care process within its multilevel context may increase progress toward an integrated experience and improvements in the quality of care. As an illustrative case, we describe the multilevel context of care delivery for the process of follow-up to an abnormal screening mammogram. By taking a multilevel perspective on this process, we identify a rich set of options for intervening and improving follow-up to abnormalities and, therefore, outcomes of screening. We propose that taking this multilevel perspective when designing interventions may improve the quality of cancer care in an effective and sustainable way. Cancer Epidemiol Biomarkers Prev; 21(10); 1709-15. Ó2012 AACR.
Introduction
Delivery of cancer care in the United States is a complex process in need of improvement (1) . In 1999, the Institute of Medicine characterized care as a provider-centered, poorly coordinated, and inefficient process that serves patient populations unequally (1) . Historically, efforts to improve care have emphasized the reductionist approach of developing focused advances in single tests, treatment techniques, and well-defined isolated steps in care (2) . For example, research in the last decade has improved diagnostic tests and treatments for breast cancer (3, 4) . There has also been a reduction in mortality from cancer procedures such as surgery because they have been conducted in high, rather than low, volume centers (5) . While these types of changes have contributed to a reduction in mortality for some cancers in the last decade, the sum of the improvement in these steps falls short of being an integrated and supportive process for cancer patients, and a recent review reported little progress in the cancer care process since the 1999 IOM report (1, 5, 6) . To address this problem, we suggest an alternative to the reductionist view-a multilevel perspective on an entire process of care. After reviewing the multilevel context of care delivery in the United States, and considering the example of the process of following up after an abnormal mammogram, we conclude with a discussion of potential interventions at 3 levels of the context of care that all could affect follow-up to abnormal screening.
The multilevel context of health care delivery and the process of follow-up to an abnormal mammogram
The multilevel perspective reflects consideration of the nested levels of influence upon care from individual patients and their families, to provider teams, organizations, communities, states, and the nation ( Fig. 1; ref. 7 ). Factors at each of the levels shown in Fig. 1 can affect the follow-up process and therefore are a useful focus when considering intervention strategies (8) .
We selected the process of follow-up to abnormal mammograms as the illustrative example for this commentary because an abnormal mammogram is critical to the mortality reduction afforded by mammography and it is a point of vulnerability in the care process. Health care consists of multiple small steps, which are the circumscribed tasks that one individual undertakes, such as recommending a diagnostic mammogram or conducting a biopsy. Steps are linked by communication among providers including physicians and other types of professional staff, patients, and their families. We call these points of communication the interfaces of care. At these interfaces, people pass information and responsibility for what needs to happen next. Prevention, detection, and treatment are types of care along the care continuum that serve specific goals, but the transitions between them are also critical to success (9) . The sum of all the steps, interfaces, types, and transitions in care across the cancer continuum is the overall process of cancer care (10) . The follow-up of an abnormal screening mammogram is the transition from detection to diagnosis that we depict in Fig. 2 (10, 11) .
As noted earlier, factors in the multilevel context of care can be the target of an intervention. For example, at the individual level, an educational intervention of patients and primary care clinicians can address and improve their knowledge of screening and diagnostic testing. But other contextual levels also affect care. For example, whether the follow-up testing is done by the screening physician, how the care team tracks screening abnormalities and their resolution, the cultural competence of the providers, the design of the medical record, and the performance incentives adopted by the organization all will affect the behavior of the patient and providers and, therefore, the quality of care ( Fig. 1 ; ref. 8). We recognize that major policy changes at the state and national levels can also affect care processes but we focus in this commentary on three levels (individual women, provider team, and organization) for simplicity. Furthermore, these are levels that health care leaders and providers can immediately and directly address to achieve improvements in the quality of care. Our focus on these 3 levels does not negate the importance of advocacy and interaction with people working Type of care: The care delivered to accomplish a specific goal.
Step: The medical encounters or actions that compose a type or transition in care.
Transition:
The set of steps and interfaces necessary to go from one type of care to another.
Interface: Transfers of information and/or responsibility. at the state and national levels to improve cancer care delivery.
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There are no nationally representative estimates of failure to follow-up an abnormal mammogram, but reported estimates in single populations and clinics vary from 9% to 50% (12) (13) (14) (15) (16) . The variation in estimates is likely because of operational definitions of follow-up completion, as well as patient population and institutional differences (8, 12) . The definitional challenge is illustrated in Fig. 2 where follow-up could be defined as occurring when follow-up testing starts (administration) or is complete (after interpretation and reporting). For abnormal mammograms, follow-up completion could be as simple as additional imaging on the same day as the screening examination or as complex as additional imaging on one or more subsequent days followed by a biopsy some time later. Timeliness of follow-up has also been investigated. Furthermore, "follow-up" could also be concerned with whether the diagnostic evaluation is appropriate for the type of abnormality. Thus, some of the variation in followup is because of differences in definition and in the process of follow-up used by a facility where mammography occurs.
Differences in the study populations and/or practice organization included in the studies also affect followup estimates. Rosenberg and colleagues evaluated the time to follow-up initiation in 160 US radiology facilities in the Breast Cancer Surveillance Consortium and found that the median time was 14 days, but that the proportion of women seen within this timeframe varied from 20% to more than 80% across the facilities (14) . Richardson and colleagues found a median of 25 days to diagnosis among women with abnormal mammograms in the National Breast and Cervical Cancer Early Detection Program (NBCCEDP; ref. 16). Neither study was able to estimate with certainty what proportion of women was not seen at all, but their estimates varied between 27% and 7% (14, 16) . Even in view of this variation in definition and study population, it seems clear that follow-up of abnormal breast screening is a significant problem that limits the potential morbidity and mortality reduction afforded by mammography screening.
Interventions to improve follow-up to abnormal mammogram
Intervention development and testing to improve follow-up to screening began in the mid-1980s. A review of reviews about follow-up of abnormal tests concluded that patient education, reminders to the physician, and organizational changes such as implementing automated reminders all positively influence the likelihood of follow-up (8) . To date, most intervention strategies have focused on a single level intervention (e.g., the Individual women or provider, provider teams, or the organization). While many of these intervention studies showed positive effects, delayed and incomplete follow-up of abnormal mammograms has persisted.
We suggest that the challenge of follow-up to abnormal mammograms reflects the broader challenge of delivering high-quality integrated patient-centered medical care in the US. Like the challenge in general, inadequate followup to an abnormal mammogram has been recognized for a long time. Furthermore, many evidence-based interventions have been developed to improve the quality of care. But many providers and organizations do not adopt those improvements in practice. Delayed or incomplete followup to mammography is, therefore, an interesting example for illustrating the challenge of improving the quality of cancer care within individual practices and organizations in the United States.
To address this challenge, several recent studies have investigated "navigation" interventions to improve follow-up to abnormal mammograms. Navigation to promote screening has been shown to be successful in low income and vulnerable populations, but testing of navigation via controlled trials to promote follow-up is a relatively recent phenomena (17) . We identified 4 studies of follow-up to mammography and 2 that studied the follow-up of colorectal cancer screening tests (18, 19) . While the components, methods, intensity, target population, and setting of navigation vary across studies, all include verbal guidance about the follow-up process shown in Fig. 2 . In a 2006 observational study, Battaglia showed that a navigator intervention appeared to be effective (20) and introduction of case managers in the NBCCEDP shortened the time to follow-up among women seen through that program (21) . Four recent randomized trials tested navigation interventions in mammography and confirmed its efficacy (22) (23) (24) (25) . All four trials showed significantly higher proportions of follow-up completion in the intervention compared with control arm (94-97% vs. 66-78%). One also showed a more rapid evaluation (mean of 25 vs. 43 days, P ¼ 0.001; ref. 26) . All the randomized trials were conducted at the individual woman level in disadvantaged communities, among a variety of populations including Korean, African American, and Hispanic women. Bastani and colleagues considered the individual patient factors of beliefs and knowledge when designing an intervention using public health workers who telephoned women (27) . Other navigation programs have addressed factors beyond beliefs and knowledge and have included, for example, the navigator attending appointments with the women (25) . Another program involved having the radiologist staff schedule the follow-up appointment with the patient (26) . None of the 4 studies, however, reported measures of effects of the navigator on other providers, or on system changes within the practice or organization.
Despite the research evidence for the success of navigation and a rising interest and support for its use across the continuum, it is available to a limited proportion of the population (17) . We suggest that one reason for the lack of adoption is that navigation has unanticipated implications for providers and organizations. For example, navigators in the trials we identified had differing skill levels, as well as variable relationships and interactions with the provider team. They included peer counselors (23, 25) , people with a bachelor's degree and 2 years of clinical experience (26) , and social workers (24) . Thinking about redefining roles and training the team how to incorporate this array of navigators into their care process are critical to subsequent adoption. Navigators must understand the tests and the meaning of the abnormality. They must interact with other providers to get the results of tests, understand what is next for the patient in the care process, and then either address a woman's barriers or literally guide her across the barriers to the next step in the process. In effect, they create another interface for communication and a new cost for delivering care. Given that reality, it is not surprising that there has been a long history of demonstration projects and tests of navigators but they have not been widely adopted (28, 17) . Furthermore, navigators work on a case-by-case basis to overcome the complexity and limitations of the follow-up process and our system of care, but do not change the underlying process (29) . We suggest it is time to also consider interventions that directly address that system and the process of care.
Conceptualizing a new approach to intervention development
We advocate reconsideration of screening mammography follow-up from 3 perspectives: (i) the conceptualization of the problem as a multilevel issue, (ii) identification of potentially modifiable factors at multiple levels of the context of care that may be subject to intervention, and (iii) the need for interventions that explicitly consider and measure effects in the multilevel context of care. In the following sections, we discuss each of these 3 key issues in detail.
Conceptualization of the problem. Delayed or incomplete follow-up after an abnormal mammogram needs to be considered as a challenge to the care process rather than a problem of an individual woman's beliefs and knowledge. As described here and elsewhere, the follow-up process involves multiple steps where providers and their patients must take specific action(s) (Fig. 2; ref. 8) . A woman will successfully complete the follow-up process only when all relevant individuals and institutions do their part. The roles of the provider team, the capabilities of the information system, and the relationships between organizations involved in screening and diagnosis all affect how the individuals behave in the process. Such a view means considering the problem as a system challenge rather than a problem at the level of an individual woman. Furthermore, intervention efforts focusing on a single woman who may have 1 or 2 abnormal mammograms in her lifetime does not reach many people. A multilevel intervention simultaneously targeted to women, physicians, and the organization has the potential to reach thousands of women with abnormal mammograms within a single health care setting.
Recognition of factors at multiple levels of the context of care that affect steps and interfaces of care. Figure 3 shows three levels (individual woman, provider team, and organization) of the ecological model across the three types of care (screening detection, diagnosis, and treatment) and details steps and interfaces that could be affected. The challenge is to consider how factors in the multilevel context affect the steps and interfaces in the process of follow-up to an abnormal test. It is the steps Taplin et al.
Cancer Epidemiol Biomarkers Prev; 21(10) October 2012
Cancer Epidemiology, Biomarkers & Preventionand interfaces that must be affected to change the followup process. We focus on follow-up to mammography and show where interventions might affect some potential steps and interfaces in Fig. 3 . But one could also consider follow-up to a positive fecal occult blood test, or abnormal Papanicolau test. That consideration would involve different steps and interfaces, and as a result offer different opportunities for improving the process of care. Developing a multilevel intervention to improve the follow-up of abnormal screening tests first requires clarifying the process of care and then considering the factors that might affect specific steps and interfaces that are critical to successful follow-up care.
Research at the individual woman level has identified socioeconomic factors, insurance coverage, beliefs, and knowledge that may be associated with failure to complete follow-up (8, 13, 30, 26) . But women must know they have an abnormality before any of their beliefs and fears can be addressed. Problems with women not getting their screening test results were the motivation for the Mammography Quality Standards Act requirement that women be notified of their results by the interpreting radiologist (31) . Once patients are informed of an abnormality, then they must communicate with their provider team to identify the next steps. Figure 3 shows specific points in the follow-up process where providers can address knowledge and fears that affect the woman's likelihood of follow-up (13) . There has been a generation of work to improve understanding women's knowledge and beliefs about breast cancer, and most of the navigation studies included consideration of these issues, but the work by Bastani and colleagues shows that while it may be necessary to address these beliefs, it is not sufficient (27) .
Identifying the person who will assess and address a woman's knowledge and beliefs for each step in the follow-up process is a starting point for the provider level intervention, but other activities must also be investigated to assure follow-up. Figure 3 notes that the provider team can map the follow-up process and identify the specific steps and interfaces in their system. Coaching providers to evaluate the steps and interfaces of their care process is one potential intervention for identifying where care delivery may be vulnerable to losing results, failing to notify women, or failing to arrange the referral, and track the results. Once the steps are clear then role redefinition offers an opportunity to identify who is responsible for contacting women at each point along the pathway, and how information and communications systems will be used. The physician, licensed practical nurse, receptionist, or an administrative person could be assigned responsibility for specific steps in the process and use an information system to assure everyone knows what the other has done (32, 33) . Whoever is assigned the work must have the appropriate knowledge and skill, so there is a training component for providers and other personnel that also could be part of an intervention. The members of the provider team could use mail, phone, Internet portals, email, or in-person visits to communicate the next steps in the evaluation to the woman; they could schedule the follow-up appointment and communicate with the other providers conducting the evaluation. While workloads in primary care are extraordinary, organizing work and clarifying roles to address work functions and distributing responsibilities across members of the provider team could offer relief for everyone, and assurance that the work gets done.
It might also be possible for the referring physicians and radiology departments to share concerns and adopt procedures satisfactory and safe for all. Radiologists have legal responsibilities as well as financial incentives to notify women of their mammography results. Who is responsible for assuring the follow-up occurs is less clear. The referring provider, the woman, and the radiologist all must communicate to assure the woman acts on the notification. Consideration of the provider level means defining and redefining provider roles but it also opens possibilities for testing ways to distribute functions, negotiate relationships, and clarify responsibilities among primary care and radiology providers as well as women.
There are issues that need to be addressed at the organizational level as well (Fig. 3) . Organizations vary tremendously in their structure; from small groups of primary and specialty care providers taking only privately insured people, to large integrated health plans, or Federally Qualified Health centers serving the uninsured. An established referral pattern, information systems that exchanged information on referrals, or clear commercial relationships would facilitate the follow-up process and be affected by the type of organizations involved. Organizations could be encouraged to negotiate about the logistics of referrals and who provides the functions that successfully ensures a woman traverses the follow-up evaluation. To some extent, the Accountable Care Organizations called for in the Affordable Care Act are a mechanism to incent the discussions among organizations that address some of the issues of relationships and referrals (34) . The Affordable Care Act incents the adoption of electronic medical records so organizations could establish software that tracks women and facilitates communication among all involved. Administrators in organizations could establish a culture of rapid evaluation and support teams in accomplishing changes needed to achieve the goal of completing follow-up. The discussions and cultural change needed to achieve that goal are all organizational functions and need to be considered with intervention strategies at other levels that depend upon such change (35) .
Multilevel interventions involve changes at specific levels but they also depend upon interaction between levels. Reminders and prompts mean someone must assume responsibility for developing the system and financing the reminder and how it is delivered. If the reminder depends upon an information system, then it must be a system that can perform the appropriate function, and works within the organization's information technology environment (32, 33) . At least one study shows that an information system with incorrect data will stimulate the wrong behavior (33) . Whether the reminder is being sent by a computer, a designated provider team member, or administrative personnel in the organization, the communication is an interaction. That interaction involves resources the organization must supply to the provider team who in turn must communicate with the woman.
Testing of multilevel interventions. Ultimately, the efficacy and effectiveness of any proposed multilevel intervention must be tested. While it is possible to continue testing interventions that focus exclusively at the individual patient or provider level, the point of this commentary is that such a reductionist approach does not encourage investigation of the intervention's consequences at other levels of the context in which it is being implemented. The Institute of Medicine identified the need to conceive of behavior as a multilevel problem in its 2001 report on "Health & Behavior: the Interplay of Biological, Behavioral, and Societal Influences" (36). Meissner and colleagues called for multilevel interventions in 2004, and the National Cancer Institute supported a national meeting on the topic in March 2011 (2, 37, 38) . Conference participants discussed 12 papers that are published in "Multilevel Interventions in Health Care Across the Cancer Continuum" (2, 39) . Creating and testing multilevel interventions is not simple but the time has come to begin the hard work of doing it (2, 35, (40) (41) (42) .
Considerations for multilevel interventions include the following: (i) identifying the appropriate levels for intervening and conceiving of the interactions between the levels, and the mechanism of the intervention effect (2, 35, 43) ; (ii) measuring the intervention effects at each level and on the overall quality of care delivered (1, 44); (iii) timing the measurements or obtaining serial measurements to capture the effect; (iv) evaluating the overall outcome of all the improvements (45, 46) ; and (v) estimating the size and scope of such work and the need for appropriate collaborations, method development, and budgeting (40) . Systems science, mathematical modeling, and conceiving of interventions that include explicit interactions are all now possible (35, 47) . Considering these models, and taking multilevel factors into consideration leads to complexity, but there is relatively little choice but to proceed.
Conclusion
Historically, cancer research has focused on valid intervention tests of specific technologies and therapies that are then poorly or slowly adopted because contextual factors provide barriers. We suggest that it is time to consider the multilevel context from the outset of intervention development and that such consideration may contribute to improvements in the quality of cancer care that are both effective and sustainable.
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